Objective: To describe and identify predictors of 12-month outcomes of serious orthopaedic injuries due to sport and active recreation.
S erious injuries related to sports and active recreation are common, accounting for 0.7% of total hospital admissions in Australia during 2003 and 6.3% of admissions with an external cause. 1 Adjusting for rates of participation in the community, admission rates of 160 to 243 per 100,000 participants over a 12-month period have been reported in Australia. 1, 2 For these injuries in the United States, between 32 and 80 hospital admissions per 100,000 population per annum were reported, based on total population admission rates. 3, 4 Despite the risk of serious injury associated with participation in sport and active recreation and the potential for ongoing disability, few studies have attempted to describe the long-term outcomes of sport and active recreation related injuries in adults. Prior studies focused on individual sports 5, 6 or specific body regions, 7,8 used short follow-up periods, 5, 6, 9 or were retrospective. 10 Moreover, the outcomes used tended to focus on patients' length of stay, functional or medical status at discharge, or discharge to home versus rehabilitation. 5, 6 To our knowledge, only three studies used functional or quality-of-life measures administered at 6 or more months postdischarge. [9] [10] [11] To date, no studies have investigated predictors of outcome in a seriously injured sport and active recreation orthopaedic trauma population.
At present, there is no formal system of injury surveillance in place to monitor sport and active recreation injuries in Australia. Trauma registries are a common method of collecting detailed information about injuries, their management, and outcomes, but most do not collect data beyond the hospital admission, thus limiting their usefulness for describing long-term outcomes following injury. In contrast, the Victorian Orthopaedic Trauma Outcomes Registry (VOTOR) captures detailed information pertaining to orthopaedic trauma admissions and their outcomes, providing a rare opportunity to investigate the outcomes of serious sport and active recreation orthopaedic injuries. While VOTOR focuses on the severe end of the sports injury spectrum, these injuries contribute significantly to the burden of injury 1 and are a high priority for injury prevention research and policy development. The purpose of this study was to describe and identify predictors of 12-month outcomes following serious orthopaedic injury associated with sport and active recreation participation.
METHODS

Patients
VOTOR collects information about all patients with orthopaedic injuries admitted to the two adult Level 1 trauma centers in Victoria, Australia who require management by an orthopaedic unit, require orthopaedic follow up, or have an injury involving the spine. Patients are excluded if they have sustained a pathological fracture related to metastatic disease and/or an isolated orthopaedic injury managed by another unit. 12, 13 VOTOR has been approved by the Human Research Ethics Committee at each of the participating hospitals and Monash University.
For this study, participants who sustained a sport or active recreation-related injury, were aged between 15 and 74 years, and were admitted between August 2003 and March 2006 were included in the study. Potential sport and active recreation-related cases were identified if they met any of the following criteria: 1) activity at the time of injury, coded as either sports or leisure; 2) place of injury, coded as either athletic or sports area or place for recreation; 3) cause of injury, coded as motorcycle driver, pedal cyclist, or horse related.
Codes were cross-checked against each other and the text narrative of the injury event to ascertain if the injury was a direct result of participation in sport and active recreation. For cases in which the activity, place of injury, or cause of injury was not known, the text narrative of the injury event was checked to ensure that all relevant cases were identified. Only motorcycle injuries that occurred off road, such as motocross and trail biking, were included. However, all pedal cyclists were included because it has been shown that the majority of road cyclists choose to ride for sport or leisure. 5 Walking was only included if it was clear from the text narrative that it was being performed as a form of exercise. Cases that were covered by the workers' compensation scheme for Victoria, such as jockeys and professional athletes, were excluded. Each participant's sport or active recreation at the time of injury was determined from the relevant International Classification of Diseases 10 Chapter XX activity code or the text narrative of the injury event. The sport or active recreation was further categorized into broad sporting groups. 14 
Procedures
VOTOR collected information from participants' medical records, hospital information systems, and patient interviews. Registration and admission data provided information relating to injury diagnosis codes, injury event details, severity of injuries including the injury severity score (ISS), 15 injury management details, and discharge information. An in-hospital interview was performed to obtain detailed demographic information. Twelve-month postinjury outcome information, including the 12-item Short Form Health Survey (SF-12) and maximum pain scores, were obtained by telephone interview. The SF-12 is a reliable and well-validated generic healthrelated quality of life (HRQL) measure, consisting of 12 items covering 8 domains. 16 Individual responses are used to calculate a score for each of the 2 summary scales: the Mental Component Summary (MCS-12) and the Physical Component Summary (PCS-12). For both summary scales, a higher score indicates a better outcome. Pain intensity was measured using an 11-point numerical scale, where a higher score indicates a greater level of pain. Information relating to preinjury disability was obtained from global disability scores obtained at the 12-month interview.
Data Analysis
The demographics of responders compared to nonresponders were analyzed using chi-squared tests for categorical variables and Mann-Whitney U tests due to the skewed nature of the continuous variables. Baseline differences between sporting groups were analysed using chi-squared tests for categorical variables and the Kruskal-Wallis test for continuous variables.
For ease of interpretation in the general description of outcome, PCS-12 and MCS-12 scores were divided into none/mild disability (.40) or moderate/severe disability (#40) and maximum pain scores into none/mild pain (,5) or moderate/severe pain ($5). PCS-12 and MCS-12 scores were analysed as continuous variables using linear regression to assess the association between outcome and possible predictors. As the scores for maximum pain were highly skewed they were analysed in the categories described above using logistic regression.
Univariate analysis was used to assess the relationship between each outcome variable and the main demographic and injury event variables. Multivariate analysis was used to identify predictors of each outcome measure. Two sets of multivariate analyses were performed for each outcome: the first included only demographic variables and the second included demographic variables and injury event variables. Stata (version 9) and SPSS (version 15.0) were used for all analyses. A P value of ,0.05 was considered to be significant.
RESULTS
During the study period, a total of 4,448 orthopaedic trauma admissions were recorded in the VOTOR database. Of these, 537 (12.1%) were related to sport and active recreation. Seven were excluded due to in-hospital deaths or a language barrier, leaving 530 eligible for 12-month follow-up at hospital discharge. One participant died postdischarge and 148 were lost to follow-up, resulting in 381 (71.9%) remaining participants. Of those patients who were followed up, 9 more were excluded because of a moderate to severe disability prior to injury and 6 because their disability status prior to injury was unknown, leaving 366 in the final analysis. A breakdown of sporting groups for the final sample is shown in Table 1 .
There were no differences between participants successfully followed up and those lost to follow-up for the key population descriptors of sporting group, age, gender, marital status, level of education, ISS .15, injury profile, or head injury status ( Table 2) .
The demographic details and preinjury status of those successfully followed up at 12 months (n = 366) are shown in Table 3 . The majority of participants were male with a median age of 33.5 years, were working prior to their injury, and were well educated. The highest number of cases (33.3%) resulted from participating in wheeled sports, followed by motor sports (21.0%), football (11.3%), equestrian sports (7.6%), and ice and snow sports (5.5%) ( Table 1 ). There were significant differences among sporting groups for all key demographic variables, except for work status prior to injury. There were also differences among sporting groups for all injury details and discharge variables (Tables 3 and 4) .
At 12 months postinjury, 22.8% reported moderate to severe physical disability, 12.1% reported moderate to severe mental health disability, and 11.1% reported moderate to severe pain. There were significant differences between sporting groups for PCS-12 scores (P = 0.04), with the worst physical outcomes reported by participants injured in motor and equestrian sports, followed by football, wheeled sports, and ice and snow sports. There were no significant differences in MCS-12 scores and maximum pain scores between sporting groups (Fig. 1 ).
Univariate regression analysis identified a significant relationship between PCS-12 scores and sporting group (P = 0.04), age (P , 0.001), marital status (P # 0.001), ISS .15 (P = 0.005), injury group (P , 0.001), and head injury status (P = 0.02). Multivariate linear regression analysis containing demographic variables identified no significant relationship between PCS-12 scores and sporting group (P = 0.30). Therefore, much of the variability between sporting groups was explained by the differences in participants' demographic characteristics. Increasing age, however, remained a significant predictor of poorer physical health outcomes according to the PCS-12. The addition of injury detail variables to the multivariate model had little effect on the sporting group coefficients. In the final model, age and injury group were significant predictors of physical outcome. For every 1-year increase in age, there was a 0.1-unit decrease in PCS-12 score. For injury groups, those with multiple lower limb fractures scored 5.2 units lower than those with isolated extremity fractures ( Table 5 ).
Variables that demonstrated a significant relationship to MCS-12 scores on univariate analysis were ISS .15 (P = 0.01) and head injury status (P = 0.04). There were no significant independent predictors of MCS-12 scores at 12 months postinjury ( Table 4 ). Significant predictors of moderate to severe pain at 12 months on univariate analysis were age (P = 0.03), injury group (P = 0.02), and head injury status (P = 0.02), but no significant independent predictors of maximum pain at 12 months postinjury were identified by the multivariate analysis ( Table 5 ).
DISCUSSION
This is the largest prospective cohort study to investigate the 12-month outcomes and predictors of outcome of serious orthopaedic injuries sustained during sport and active recreation. The main findings of this study were that, in a population that had little or no disability prior to injury, almost one quarter of participants who had sustained a serious injury during sport and active recreation were still experiencing moderate to severe physical disability at 12 months postinjury. Motor sports and equestrian sports demonstrated the worst physical HRQL outcomes. Moderate to severe mental health disability and moderate to severe pain was reported by 12.1% and 11.1% of participants, respectively, at 12 months postinjury.
These proportions were lower than those reported by previous studies of general trauma inpatients. 13, 17, 18 However, they are similar to the results of an outcome study involving sport and recreation inpatients. 10 The finding that almost one quarter of our study population still had moderate to severe physical disability at 12 months is important given that this was a sample of predominantly young, employed, welleducated, and productive members of society prior to their injury. As such, the long-term morbidity consequences for this group are high.
Severe sporting injuries create barriers to return to sport from both a physical and psychosocial perspective. Some people with good physical outcomes do not return to sport as a result of the psychosocial consequences of their injury. 19, 20 Based on previous studies, it is likely that a large number of participants, especially those still experiencing moderate to severe physical or mental health disability, may not return to their previous level of physical activity. [9] [10] [11] Dekker et al found that of those who had suffered a severe injury relaying to sport and active recreation, nearly half had still not returned to sport at 12 months postinjury. 10 This can have serious long-term health consequences given the health benefits associated with physical activity. [21] [22] [23] [24] In our study, multivariate analysis identified age and pattern of injury as significant predictors of a poor physical outcome at 12 months. When compared to isolated extremity fractures, multiple lower-extremity fractures had the greatest risk of a poor physical outcome. A number of outcome studies in general trauma populations have identified patients with multiple lower-extremity fractures as having poorer HRQL outcomes at 12 months postinjury than other types of injuries. 7, 18, 25, 26 Kiely et al 27 found that an extremity injury was predictive of a poor physical outcome at 1 month but not at 6 months. However, they did not separate lower-extremity from upper-extremity injuries or single-extremity injuries from multiple-extremity injuries. Another study that used multivariate analysis found that lower extremity and, more specifically, knee injuries were predictors of a poor long-term physical outcome in a sport and active recreation population. 11 Studies that looked at the direct association between age and physical outcomes found increasing age to be associated with a poor physical outcome in trauma populations. 7, 17, 18, 25 However, in studies that investigated predictors of outcome using multivariate regression in both general trauma and sport and recreation populations, increasing age was not found to be a predictor of a poor physical outcome. 10, 11, 27 This may be due to the different methodologies of the various studies, such as the predictor variables included in their models, or it may be that age has a greater predictive role in physical outcomes associated with severe orthopaedic injuries than in general trauma injuries. Although age was a significant predictor of outcome, the median age of those with a poor outcome was only 38.8 years.
There were significant differences between sporting groups for physical health outcomes but not for mental health outcomes or pain outcomes. Motor sports had the highest proportion of participants with multiple lower-extremity fractures, which may have contributed to their poorer physical health outcomes. As most of the motor sport injuries were due to off-road motor bike riding (88.8%), our study highlights the need for the development and implementation of injury prevention measures targeting this group. The poorer physical health outcomes for participants in equestrian sports are most likely related to participants being older than those participating in other sports. Almost half (46.5%) of the equestrian participants were over 45 years of age. Hence, given the age of equestrian sports participants, the need for injury prevention programs aimed at reducing injury rates within this sport has been highlighted.
The ISS was not a predictor of disability outcomes, despite it being a measure of injury severity. The inability of the ISS to predict physical disability is potentially due to the purpose of the ISS. The ISS is based on the severity scores allocated to each individual injury using the Abbreviated Injury Scale system. This system allocates a severity score from 1 (minor) to 6 (maximum, essentially not survivable). To calculate the ISS, the sum of the squares of the highest severity scores for the three most severely injured body regions is taken. The ISS is a ''threat to life'' measure, rather than a ''threat to disability'' measure. Therefore, the inability of the ISS to predict disability outcomes is not surprising.
The main strengths of this study were the use of prospective data from a well-developed orthopaedic trauma registry, the large sample size, the availability of 12-month follow-up data for a general sport and active recreation population, and the use of a validated HRQL measure. Our follow-up rate, 71.9%, is comparable with other trauma outcome studies 8, 26, 28, 29 and the finding that there were no differences in the baseline variables between responders and nonresponders suggest that our results are unlikely to be subject to a large amount of responder bias.
Some limitations warrant consideration. Our results relating to comparisons between sporting groups are likely to be affected by small numbers in some of the subgroups. Therefore, the lack of association for MCS-12 and pain outcomes might represent a type 2 error. Our study identified few significant independent predictors of outcome. This is potentially due to the outcome measures used in this study. The SF-12 has been validated in normal populations and does not include questions relating to high levels of function; therefore, it may underestimate the impact of injury on a sport and active recreation population. For example, participants may not have been able to return to sport despite having the maximum SF-12 score. Therefore, information relating to participants' return to sport or active recreation and detailed high-level functional physical and mental outcomes relevant to a sport and recreation population would have been useful. The generalizability of our study is limited by two factors. Firstly, VOTOR does not capture patients without orthopaedic injuries. Although the majority of serious injury following sport and active recreation are orthopaedic in nature, 30 other injuries such as isolated internal injuries and isolated head injuries are not captured by VOTOR. Secondly, VOTOR data are collected for admissions to Level 1 trauma centers and therefore includes some of the most severe orthopaedic injuries. Although anecdotally it could be expected that long-term disability would be prevalent, this is the first study to adequately quantify this burden. Overall, our results showed a general consistency with other hospitalized trauma studies, 8, 26, 28 which may allow extrapolation of our results to other similar settings. VOTOR is currently extending its catchment to include Level 2 metropolitan and regional trauma hospitals. This should not only improve the generalizability of VOTOR but also improve its ability to capture a wider range of sport and recreation injuries.
CONCLUSION
This large prospective cohort study investigated the 12-month outcomes of serious sport and active recreation related orthopaedic injuries and predictors of outcome in this group. Our findings show that at 12 months postinjury, almost one quarter of patients were still experiencing moderate to severe physical disability. This emphasizes the importance of further investigation into sports and recreation injury, given that our sample was a young, healthy, and productive group. Increasing age and patterns of injury were the main predictors of a poor physical outcome at 12 months. The description of sport and active recreation injuries in this study provides a basis for prioritization and planning of future research.
